Aqueous dispersions of polymers are used to produce coatings formed directly on metal substrates of different configuration. To increase adhesion to metal surfaces, use is made of carboxyl-containing dispersions of synthetic polymers of the vinyl and, in particular, acrylic series. Polymer dispersions containing carboxyl groups (COOH) and/or carboxylate (COOM) groups were developed in 1949 [1] . Carboxyl-containing acrylate dispersions are produced on a batch scale, and their production is expanding continually, whereas carboxyl-containing polyvinyl acetate dispersions have been little studied.
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The technical advantages of carboxylate dispersions include high mechanical stability, high adhesion of films to metal and other surfaces, and also the capacity of macromolecules in the films to be crosslinked at moderate temperatures by the carboxyl groups. To modify the polymer dispersions, acrylic and methacrylic acid are normally used.
The aim of the present work was to synthesise carboxyl-containing dispersions of vinyl acetate with maleic acid of different composition. Interest in this acid is due to the fact that maleic acid does not enter into the homopolymerisation reaction and does not require purification to remove inhibitors before use. The production of aqueous dispersions with maleic acid presents certain difficulties. Maleic acid, at concentrations in the monomer blend of over 5% and a temperature of 60°C, enhances the hydrolysis of vinyl acetate by several factors [2, 3] .
To obtain dispersions of homogeneous copolymers of vinyl acetate, wide use is made of maleic acid esters (most frequently dibutyl maleate). In the copolymerisation of vinyl acetate with maleic anhydride, charge-transfer complexes are formed, ensuring alternation of monomer units in the copolymer. However, maleic anhydride cannot be used in emulsion polymerisation in aqueous solution.
We conducted investigations to select the conditions for the production of stable aqueous solutions containing maleic acid units. In the presence of water-soluble initiator ammonium persulphate and 7% stabiliser -a mixture of hydroxyethyl cellulose (HEC) and a surfactant (emulsifier S-10), stable dispersions with over 40% dry residue were obtained. Table 1 gives the characteristics of certain specimens of dispersions. With increase in the maleic acid content in the initial monomer blend, the duration of the process was lengthened and the pH of the dispersions was reduced, reaching a value of 2.2. The dry residues of the dispersions were close to those calculated, which indicates the absence of hydrolysis of the vinyl acetate, with the formation of acetic acid under the reaction conditions. A strongly acidic medium of the dispersions with an initial content of maleic acid in the monomer blend of over 3% indicates the presence of unreacted maleic acid. Films of dispersions with a higher content of maleic acid are unstable in an aqueous medium ( Table 2 ). The pH of aqueous extracts is more acidic, and the acid numbers (mg NaOH/1 g polymer) for polymer films washed in water are considerably lower than the calculated acid numbers, which again indicates the presence of unreacted acid.
In spite of the presence of unreacted maleic acid, the viscosity of the dispersions increases with increasing content of maleic acid in the initial monomer blend (Figure 1 ).
Aqueous dispersions with an initial content of maleic acid in the monomer blend of over 5-7% possess thixotropy ( Figure 2 ). Unreacted maleic acid seems to act as a structure-forming filler.
Thus, to modify polyvinyl acetate dispersions, a maleic acid content of up to 3% is sufficient, and the use of higher concentrations is inexpedient. The combination of surfactant (emulsifier S-10) with protective colloid (hydroxyethyl cellulose) made it possible to produce stable carboxyl-containing dispersions with low viscosities. The viscosities of the concentrated dispersions were determined on a Reotest-2 instrument and using a VZ-4 viscometer. The relative viscosity of the dispersions was determined using a VPZh-2 viscometer. The adhesive capacity of the dispersions was determined according to the GOST 18992-80 standard.
The obtained aqueous dispersions of vinyl acetate with maleic acid are noted for cold resistance. Dispersions stabilised to pH 4-5 were held for 4-5 cycles of freezing and defrosting at -30°C.
Dispersions were readily plasticised with triacetine (glyceryl triacetate). Here, increases in the adhesive capacity and elasticity of the films were observed ( Table 3 ). The minimum formation temperature for unplasticised films is +10-12°C, and for plasticised films +6-8°C. The properties of obtained dispersions of vinyl acetate with maleic acid with variation in the pH of the medium were studied, because specific colloid-chemical properties of carboxyl-containing dispersions should be manifested when the carboxyl groups are neutralised.
The curves of potentiometric titration of weak dispersions with alkali showed that the system exhibits the properties of a weak poly acid, and total neutralisation is achieved at a pH of over 9. The dispersions not only are soluble in aqueous alkali but also swell slightly. The viscosity of the dispersions at low polymer concentrations changes little with change in the pH. A study of the dependence of the relative viscosity of weak dispersions on pH showed that no significant change in viscosity occurs. A certain increase in relative viscosity is observed at pH = 4.3-4.6. After total neutralisation of the carboxyl groups, further increase in pH leads to a certain reduction in viscosity, which is consistent with published data [2] . A certain reduction in viscosity at high pH values is due to the ionic strength of the solution on account of excess alkali, with a corresponding weakening of the strength of interaction between the functional groups. The curves of relative viscosity in the entire pH range indicate that the viscosity increases with increasing content of maleic acid and with increasing dry residue of the dispersion (Figure 3) .
Likewise, alkaline thickening was not observed for concentrated dispersions ( Figure 4) . As can be seen from Figure 4 , increase in viscosity is observed at a pH of over 4, and then the viscosity even falls slightly on account of the dilution when the alkaline solution is added. For concentrated dispersions of vinyl acetate with maleic acid, with increase in the pH of the medium there is practically no swelling, in contrast to weak solutions, where slight thickening is connected with swelling of the globules. It can be assumed that, in the region of high concentrations of the dispersed phase, swollen particles are similar to dense packing.
The surface tension of the obtained dispersions changes as a function of the pH of the medium, similarly to carboxyl-containing latexes with acrylic or methacrylic acids. At low pH of the order of 3-4, the surface tension decreases with increasing maleic acid content. As can be seen from Figure 5 , the surface tension decreases with increasing pH, and then, on transition into the strongly alkaline pH region, increases. Changes in surface tension are observed on account of increase in the degree of saturation of the interphase layers by hydrated saline groups and the redistribution of the emulsifier present between the phase interface and the aqueous phase.
The surface tension decreases with increasing maleic acid content. The same dependence is observed for initial concentrated dispersions. The surface tensions for 5% dispersions with different maleic acid contents at 30°C were as follows: 53.061 for a maleic acid content of 0.5%; 50.473 for a maleic acid content of 1.5%; 45.943 for a maleic acid content of 3.0%.
The obtained aqueous dispersions form thin polymer coatings on metal surfaces. For the possibility of introducing organic additives soluble in alcohol or acetone into the coatings, we studied the effect of solvents on the viscous properties of dispersions of vinyl acetate with maleic acid. The conducted investigations showed that, when introduced into dispersions with pH 4-5, acetone and ethanol increase the relative viscosity ( Figure 6 ). It turned out that acetone has a greater thickening effect on dispersions with an identical maleic acid content and with an equal polymer concentration, which is due to the more effective interaction of acetone with hydophobic sections of the macromolecules.
With increase in the content of maleic acid there is an increase in the relative viscosity of weak dispersions with the addition of an equal amount of alcohol (Figure 7) . When solvent is introduced in identical quantity, at first there is an increase in the relative viscosity with increase in pH, and then a fall. For a dispersion with a higher maleic acid content there is a shift in the viscosity peak into a relatively acidic pH region. The effect of solvents on the viscosities of dispersions indicates rearrangement in the colloidal system. Whereas, with change in the pH of the medium, ionisation of the carboxyl groups occurs, when solvents are introduced, besides a change in the structure of the dispersed medium, other physicochemical processes occur on the hydrophobic sections of the macromolecules [5] .
The synthesised carboxyl-containing aqueous dispersions of vinyl acetate with maleic acid are of practical interest for the production of coatings on metal surfaces and for the production of adhesives for the bonding of metals with other substrates. The most important technological characteristics of the obtained dispersions -satisfactory minimum film formation temperature and low viscosity and surface tension values with a high dry residue content -make their successful application possible. 
